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,Q DQLPDOV WKDW GR QRW SURYLGH SDUHQWDO FDUH
PDWHV GR QRW DFWLYHO\ FRQWULEXWH WR WKH VXUYLYDO RI
GHVFHQGDQWV 7KH PDLQ EHQHILW VRXJKW DIWHU LQ
VH[XDO VHOHFWLRQ LV LQGLUHFW DFFHVV WR WKH JHQHWLF
ORDG DQG LWV WUDQVPLVVLRQ WR GHVFHQGDQWV ZKLOH
ORVW RSSRUWXQLWLHV :LOFR[  DQG SRVVLEOH
LQMXULHV VXIIHUHG LQ WKH VXFFHVVLYH UHMHFWLRQV RI
XQILW PDOHV %ODQFNHQKRUQ HW DO  &DUWDU
 DUH WKH PDLQ FRVWV DVVRFLDWHG ZLWK WKLV
FKRLFH ,I WKH RSHUDWLRQDO VH[ UDWLR LV PDOH ELDVHG
IHPDOH FKRLFH ZRXOG PLQLPL]H WKH ILUVW RI WKHVH
FRVWV E\ KDYLQJ D ODUJH QXPEHU RI PDOHV DYDLODEOH
7KLV ZRXOG UHGXFH PDWH VHOHFWLRQ ZDLWLQJ WLPH
EXW WKH ULVN RI LQMXU\ FRXOG ULVH DV D UHVXOW RI WKH
LQFUHDVHG SUHVVXUH RI PDOHV DWWHPSWLQJ WR PDWH
ZKLFK FRXOG FDXVH IHPDOHV WR UHOD[ WKHLU VHOHFWLRQ
FULWHULD FXOPLQDWLQJ LQ FRQYHQLHQFH SRO\DQGU\
5RZH
:KHQ WKHUH LV WHUULWRULDOLW\ IHPDOHV PXVW UHO\ RQ
FOXHV WKDW LQGLFDWH PDOH TXDOLW\ VXFK DV WHUULWRU\
FKDUDFWHULVWLFV VHFRQGDU\ VH[XDO IHDWXUHV RU
FRXUWVKLS EHKDYLRU DOO RI ZKLFK ZLOO LQIOXHQFH WKH
PDWH VHOHFWLRQ VWUDWHJLHV DGRSWHG
*RQWDUG'DQHN DQG 0|OOHU  /XWWEHJ 
,Q WHUULWRULDO GUDJRQIOLHV VXFK DV Diastatops
obscura )DEULFLXV 2GRQDWD /LEHOOXOLGDH
ZLWKRXW FRXUWVKLS EHKDYLRU IHPDOH VH[XDO
VHOHFWLRQ VWUDWHJLHV DUH QRW \HW IXOO\ XQGHUVWRRG
$PRQJ WKH GLUHFW EHQHILWV WKDW WKH IHPDOH GHULYHV
IURP ILQGLQJ D GRPLQDQW PDOH DUH RYLSRVLWLRQ LQ
D KLJK TXDOLW\ WHUULWRU\ DQG SRVWFRSXODWRU\
JXDUGLQJ E\ WKH PDOH GXULQJ RYLSRVLWLRQ &RUEHW
 6KHUPDQ  7VXEDNL HW DO  ,Q
UHJDUG WR WKH ILUVW EHQHILW 7VXEDNL DQG 2QR 
VXJJHVW WKDW WHUULWRU\ UDWKHU WKDQ PDOH
FKDUDFWHULVWLFV GHILQHV PDWH VHOHFWLRQ .RHQLJ
 VKRZHG WKDW IHPDOHV VKRZHG D SUHIHUHQFH
IRU PDOHV RFFXS\LQJ KLJK TXDOLW\ WHUULWRULHV RYHU
WKRVH IURP UHVRXUFHSRRU WHUULWRULHV RU VDWHOOLWH
PDOHV EXW WKDW WKHLU LQWHUHVW LQ UHSURGXFWLYH VLWHV
VHHPHG WR EH EDVHG PRUH RQ PLQLPL]LQJ WKH WLPH
VSHQW LQ WKHVH DUHDV WKDQ RQ RSWLPL]LQJ VH[XDO
VHOHFWLRQ 2Q WKH RWKHU KDQG )LQFNH 
GLVFRXQWHG WKH LPSRUWDQFH RI IHPDOH SDUWLFLSDWLRQ
DQG VXJJHVWHG WKDW GLIIHUHQFHV LQ PDOH
UHSURGXFWLYH VXFFHVV DUH D UHVXOW RI LQWUDPDOH
FRPSHWLWLRQ :H VXJJHVW WKDW WKHUH LV JUHDWHU
LQGLUHFW IHPDOH SDUWLFLSDWLRQ LQ PDWH VHOHFWLRQ
DPRQJ WHUULWRULDO OLEHOOXOLGV LQGLFDWLQJ SDVVLYH
VH[XDO VHOHFWLRQ OLQNHG WR WHUULWRULDO FRPSHWLWLRQ
DPRQJPDOHV
7KH D. obscura PDWLQJ V\VWHP ZDV UHFHQWO\
GHVFULEHG E\ ,UXVWD DQG $UD~MR  7KH PDOHV
RI WKLV VSHFLHV DUULYH DW WKH UHSURGXFWLYH VLWHV
EHIRUH WKH IHPDOHV DQG FRPSHWH ZLWK RWKHU
FRQVSHFLILF PDOHV LQ DQ DWWHPSW WR RFFXS\ GHIHQG
RU FRQTXHU D WHUULWRU\ ,Q WKHVH LQWHUDFWLRQV
KLHUDUFKLHV DQG UHSURGXFWLYH WDFWLFV DUH
HVWDEOLVKHG ZKHUH GRPLQDQW WHUULWRULDO
VHFRQGDU\ WHUULWRULDO DQG VDWHOOLWH PDOHV DUH
GLIIHUHQWLDWHG :KHQ VH[XDOO\ PDWXUH IHPDOHV
DUULYH LQ WKHVH DUHDV WR PDWH DQG OD\ WKHLU HJJV
WKH\ DUH FDSWXUHG E\ HLWKHU WHUULWRULDO RU VDWHOOLWH
PDOHV DV WKH\ DSSURDFK ZLWKRXW WKHLU RIIHULQJ DQ\
DSSDUHQW UHVLVWDQFH 7KH\ DUH JHQHUDOO\ FDSWXUHG
E\ WKH ILUVW PDOH LQ WKHLU IOLJKW SDWK WKDW WKHQ
GLUHFWV KHU LQ WDQGHP LQWR KLV WHUULWRU\ ZKHUH D
EULHI FRSXODWLRQ ± VHFRQGV DQG RYLSRVLWLRQ
RFFXUVXQGHUQRQFRQWDFWJXDUGLQJ
7KXV LW LV H[SHFWHG WKDW PDOHV GHIHQGLQJ
WHUULWRULHV QHDU WKH ULYHU PDUJLQV KDYH D EHWWHU
FKDQFH RI REWDLQLQJ IHPDOHV 7KHVH KLJKO\
GLVSXWHG WHUULWRULHV DUH RFFXSLHG E\ PDOHV FDSDEOH
RI FRQTXHULQJ DQG GHIHQGLQJ WHUULWRU\ DQG
WKHUHE\ RIIHULQJ JRRG UHSURGXFWLYH SHUVSHFWLYHV
WR WKHLU PDWHV $V VKRZQ KHUH WKHVH WHUULWRULDO
PDOHV DUH DOVR D UHVRXUFH VRXJKW E\ IHPDOHV LQ WKH
UHSURGXFWLYH DUHDV 7KH VHOHFWLRQ SURFHGXUH LV
SHUIRUPHG LQGLUHFWO\ ZKHQ IHPDOHV DOORZ
WKHPVHOYHV WR EH FDSWXUHG E\ RQH RI WKH WHUULWRULDO
PDOHV DORQJ WKH ULYHU PDUJLQ DQG IRUP D WDQGHP
:H WKHUHE\ LQWURGXFH WKH FRQFHSW RI IHPDOH
SDVVLYH FKRLFH DV DQ DGDSWDWLYH VWUDWHJ\ RI
LQWHUVH[XDOVHOHFWLRQLQ2GRQDWDIHPDOHV
7KUHH SUHGLFWLRQV DUH VXJJHVWHG WR H[SODLQ WKH
SUHIHUHQFH RI PDOHV IRU WHUULWRULHV WKDW RIIHU
JUHDWHU DFFHVV WR IHPDOHV DQG WKH SUHIHUHQFH RI
IHPDOHV IRU WKHVH PRUH VXFFHVVIXO WHUULWRULDO
PDOHV
)LUVW SUHGLFWLRQ D. obscura PDOHV ZLOO FRPSHWH WR
RFFXS\ WHUULWRULHV QHDU WKH ULYHU PDUJLQ WKDW
SURYLGH JUHDWHU DFFHVV WR IHPDOHV 6LQFH WKHUH DUH
QR FRXUWVKLS RU VHFRQGDU\ VH[XDO IHDWXUHV
LQGLFDWLQJ IHPDOH GRPLQDQFH WKH PDOHV GHIHQG D
WHUULWRU\ LQ WKH ULYHU PDUJLQ WKH DUHD PRVW
VRXJKWDIWHU E\ RWKHU PDOHV 0LGULYHU WHUULWRULHV
DUH DOVR FRQYHQLHQW IRU HJJ DQG ODUYDO
GHYHORSPHQW DV GHPRQVWUDWHG E\ ODUYDH
FROOHFWLQJ DFWLYLWLHV EXW RQO\ D IHZ IHPDOHV
YHQWXUH WKHUH EHFDXVH RI WKH PDOHV SUHVHQW DW WKH
ULYHUPDUJLQ
6HFRQG SUHGLFWLRQ 0DOHV WKDW RFFXS\ WHUULWRULHV
DW WKH ULYHU PDUJLQ ZLOO KDYH EHWWHU UHSURGXFWLYH
VXFFHVV 7KH SUHIHUHQFH IRU PDUJLQV PXVW EH
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OLQNHG WR EHWWHU ILWQHVV LQ WKH PDOHV WKDW FRQTXHU
WKHVH WHUULWRULHV 7KLV LPSOLHV D IHPDOH SUHIHUHQFH
IRU WKLV W\SH RI WHUULWRULDO PDOH DQG D KLJKHU
RYLSRVLWLRQUDWHIRUIHPDOHVIHUWLOL]HGE\WKHP
7KLUG SUHGLFWLRQ )HPDOHV ZLOO PRUH UHDGLO\
DFFHSW D VHFRQG FRSXODWLRQ ZKHQ WKH ILUVW KDV
RFFXUUHG ZLWK D VDWHOOLWH PDOH :KHQ WKHUH LV QR
FRXUWVKLS IHPDOH OLEHOOXOLGV GR QRW VHHP WR EH
DEOH WR GLVFHUQ a priori DPRQJ WKH TXDOLWLHV RI
GLIIHUHQW PDWHV 7KLV RFFXUV RQO\ DIWHU WDQGHP
IRUPDWLRQ ZKHQ WKH\ DUH WDNHQ WR D WHUULWRU\ RI
JUHDWHU RU OHVVHU TXDOLW\ WR FRPSOHWH FRSXODWLRQ
&RQYH\  0F9H\  7KH SUHGLFWLRQ LV
WKDW IHPDOHV WKDW FRSXODWH ZLWK VDWHOOLWH PDOHV ZLOO
PRUH RIWHQ DFFHSW VHFRQG FRSXODWLRQV ZKLOH
IHPDOHV WKDW PDWH ZLWK WHUULWRULDO PDOHV ZLOO DYRLG
VXEVHTXHQW FRSXODWLRQV DQG RSW PRUH IUHTXHQWO\
IRULPPHGLDWHRYLSRVLWLRQ
Materials and Methods
D. obscura LV D VPDOO QHRWURSLFDO /LEHOOXOLG ZLWK
ZLQJ FKDUDFWHULVWLFV WKDW SDUWLDOO\ GHWHUPLQH LWV
EHKDYLRU ,WV VKRUW ZLGH ZLQJV PDNH LPSRVVLEOH
WKH UDSLG DQG SRZHUIXO IOLJKW WKDW LV W\SLFDO RI
RWKHU PHPEHUV RI WKH 2GRQDWD RUGHU 0DOHV KDYH
EULJKW GDUNEOXH ZLQJV WKDW VHHP WR SHUIRUP
WKHUPRUHJXODWLRQ DQG LQWUDVSHFLILF YLVXDO
FRPPXQLFDWLRQ IXQFWLRQV ,UXVWD DQG $UD~MR
 :LOGHUPXWK  IRU Diastatops intensa
DQG D EULJKWUHG DEGRPHQ )LJXUH  )HPDOHV
KDYH GDUNHU ZLQJV DQG D FKHVQXW FRORUHG
DEGRPHQ &RQWUDU\ WR RWKHU 3DOSRSOHXULQDH WKHUH
LVQRPDOHFRXUWVKLSRIWKHIHPDOH
7KH REVHUYDWLRQV ZHUH PDGH LQ QDWXUDO
SRSXODWLRQV RI WKH 3LWLPEX 5LYHU 6 ¶¶¶
: ¶¶¶ 3DUQDPLULP51 1RUWKHDVW
%UD]LO LQ IRXU VWXG\ SHULRGV 6HSWHPEHU  
GD\V $SULO0D\   GD\V -XO\  
GD\V DQG )HEUXDU\   GD\V WRWDOLQJ 
KRXUV RI REVHUYDWLRQ 7KH 3LWLPEX 5LYHU LV D VPDOO
SHUPDQHQW ZDWHUZD\  WR  PHWHUV ZLGH DW WKH
VWXG\ VLWH ZLWK D TXDGUDQJXODU VHFWLRQ ±
P GHHS IURP PDUJLQ WR PLGULYHU DQG D VORZ
VWUHDP WKHUH LV DEXQGDQW QDWXUDO YHJHWDWLRQ ERWK
DTXDWLF DORQJ WKH HQWLUH ULYHUZLGWK DQG
PDUJLQDO IXUWKHU GHWDLOV LQ ,UXVWD DQG $UD~MR

$W WKH VWXG\ VWDWLRQ WZR SHUSHQGLFXODU D[HV ZHUH
GHILQHG WKDW DOORZHG WKH GHWHUPLQDWLRQ RI WKH
SRVLWLRQ RI HDFK LQGLYLGXDO RU WHUULWRU\ DW DOO
WLPHV 2Q WKH D[LV SDUDOOHO WR WKH ULYHU PDUJLQ 
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GHOLQHDWLQJ WKH  FRQWLQXRXV VWUHWFKHV ZKHUH PRVW
RI WKH REVHUYDWLRQV ZHUH PDGH 7KH SHUSHQGLFXODU
D[LVPHDVXUHGWKHGLVWDQFHWRWKHPDUJLQ
7R EHWWHU LGHQWLI\ DQG REVHUYH WKH LQGLYLGXDOV 
PDOHV ZHUH FDSWXUHG 7KH ZLQJV ZHUH PDUNHG
ZLWK D SHUPDQHQW PDUNLQJ SHQ DQG WKHQ UHOHDVHG
LPPHGLDWHO\ DW WKH FDSWXUH VLWH $SSUR[LPDWHO\
RQHWKLUG RI WKH PDOHV SUHVHQW LQ WKH DUHD ZHUH
FDSWXUHG 7KH PDUNLQJ RI LQGLYLGXDOV ZDV
SHUIRUPHG RQ GLIIHUHQW GD\V DQGRU WLPHV IURP
WKRVH VHOHFWHG IRU EHKDYLRUDO REVHUYDWLRQ WKXV
DYRLGLQJ LQIOXHQFLQJ WKH QDWXUDO EHKDYLRU RI WKH
GUDJRQIOLHV E\ HLWKHU PDQLSXODWLQJ RU GLVWXUELQJ
WKHP ,Q WKH SLORW VWXG\ IHPDOHV DUULYLQJ LQ WKH
UHSURGXFWLYH DUHD ZHUH DOVR FDSWXUHG KRZHYHU
WKLV SUDFWLFH ZDV GLVFRQWLQXHG EHFDXVH PDUNHG
IHPDOHV IOHG DQG GLG QRW UHWXUQ WR WKH UHVHDUFK
DUHD PDNLQJ LW LPSRVVLEOH WR REVHUYH DQ\ PDWLQJ
EHKDYLRU )HPDOHV ZHUH DOVR PDUNHG DZD\ IURP
WKH UHSURGXFWLYH VLWH EXW VLQFH QRQH ZHUH
REVHUYHG DSSURDFKLQJ WKH VWXG\ DUHD ZH GHFLGHG
WR SURFHHG ZLWKRXW DQ\ PDQLSXODWLRQ ZKDWVRHYHU
RI WKH IHPDOHV ,Q VSLWH RI QRW EHLQJ PDUNHG WKH
ORZ GHQVLW\ RI IHPDOHV GXULQJ UHQGH]YRXV ZLWK
PDOHV HQDEOHG LQ PRVW FDVHV D GLIIHUHQWLDWHG
REVHUYDWLRQ RI LQGLYLGXDO IHPDOH UHSURGXFWLYH
EHKDYLRU $ WRWDO RI  IHPDOHV ZHUH REVHUYHG
HQWHULQJ WKH VWXG\ DUHD UHVXOWLQJ LQ 
UHSURGXFWLYH HYHQWV DWWHPSWV DW FRSXODWLRQ
FRSXODWLRQDQGRYLSRVLWLRQV
7KH ad libitum XQFRQVWUDLQHG REVHUYDWLRQ
PHWKRG ZDV XVHG GXULQJ WKH ILUVW LQWHUDFWLRQV
EHWZHHQ WKH PDOHV DW ZKLFK WLPH WKH\ FRPSHWHG
WR HVWDEOLVK WKHLU GDLO\ WHUULWRULHV &RQWLQXRXV
IRFDO REVHUYDWLRQ ZDV XVHG WR PRQLWRU IHPDOHV LQ
WKH UHSURGXFWLYH DUHDV UHFRUGLQJ ZKHQHYHU
SRVVLEOH EUHHGLQJ IHPDOHV¶ DFWLYLWLHV XQWLO WKHLU
GHSDUWXUH 7KH GXUDWLRQ RI REVHUYDWLRQ ZDV
GHWHUPLQHG E\ WKH UHSURGXFWLYH HYHQWV WKHPVHOYHV
DQG E\ WKH GUDJRQIO\¶V UHPDLQLQJ ZLWKLQ WKH ILHOG
RI YLVLRQ RI WKH REVHUYHU ,Q PRVW RI WKH
REVHUYDWLRQV ORZ IHPDOH GHQVLW\ DQG
VKRUWGXUDWLRQ VWD\ DW WKH UHSURGXFWLYH DUHD
HQDEOHG WKHLU LQGLYLGXDOL]HG PRQLWRULQJ :KHQ
WKLVZDVQRWSRVVLEOHWKHGDWDZHUHGLVUHJDUGHG
$VSHFWV UHODWHG WR WKH WHUULWRULDO DQG UHSURGXFWLYH
DFWLYLWLHV RI LQGLYLGXDOV ZHUH TXDQWLILHG LQ WKH
VWUHWFK RI ULYHU VWXGLHG OHYHO RI RFFXSDWLRQ RI WKH
UHQGH]YRXV sensu &RUEHW  GHQVLW\ RI WKH
WHUULWRULDO PDOHV LQWHUDFWLRQV EHWZHHQ LQGLYLGXDOV
DQG DFWLYLWLHV OLQNHG WR UHSURGXFWLYH EHKDYLRU
VXFK DV FRSXODWLRQV DQG DWWHPSWV DW FRSXODWLRQ
SRVWFRSXODWRU\ RYLSRVLWLRQ VHFRQG FRSXODWLRQV
DQG DWWHPSWV DW VHFRQG FRSXODWLRQ RYLSRVLWLRQ
DIWHU VHFRQG FRSXODWLRQ DQG WKLUG FRSXODWLRQV
6HFRQG FRSXODWLRQV DUH GHILQHG DV WKRVH RFFXUULQJ
VKRUWO\ DIWHU WKH ILUVW RQH EXW ZLWK D GLIIHUHQW
PDOH $WWHPSWV DW FRSXODWLRQ DQG VHFRQG
FRSXODWLRQ UHIHU WR FRQWDFWV LQ ZKLFK D PDOH
VXFFHHGV LQ KROGLQJ D IHPDOH IRU D EULHI SHULRG EXW
GRHV QRW PDQDJH WR PDLQWDLQ WKH WDQGHP SRVLWLRQ
RU PDLQWDLQV LW IRU OHVV WKDQ WZR VHFRQGV PDNLQJ
DQ HIIHFWLYH FRSXODWLRQ LPSRVVLEOH 1HYHUWKHOHVV
DQ DWWHPSW DW VHFRQG FRSXODWLRQ DOZD\V LPSOLHV
WKH LQWHUUXSWLRQ RI WKH IHPDOH¶V SUHYLRXV VLWXDWLRQ
PDLQO\ WKH HQG RI WKH PDOH¶V JXDUGLQJ EHKDYLRU
DQG RYLSRVLWLRQ 2YLSRVLWLRQ LQ WKLV SDSHU PHDQV
RYLSRVLWLRQ LPPHGLDWHO\ DIWHU FRSXODWLRQ DQ\
RWKHU HJJOD\LQJ ZLWKRXW LPPHGLDWH SUHYLRXV
FRSXODWLRQ ZDV GLVUHJDUGHG $OO RI WKHVH PDWLQJ
EHKDYLRU DVSHFWV ZHUH DVVRFLDWHG WR HDFK RI WKH
WKUHH GLIIHUHQW WDFWLFV XVHG E\ WKH PDOHV SUHVHQW
LQ WKH UHSURGXFWLYH DUHDV WHUULWRULDO PDOHV DW WKH
ULYHU PDUJLQ WHUULWRULDO PDOHV DW PLGULYHU DQG
VDWHOOLWH PDOHV LQ ULYHUEDQN YHJHWDWLRQ QHDU WKH
PDUJLQDO WHUULWRULHV 0DUJLQ LQ WKLV SDSHU
FRUUHVSRQGV WR WKH ODWHUDO VWULS RI ULYHU QH[W WR WKH
ULYHUEDQN SHUPDQHQWO\ XQGHU ZDWHU DQG ZLWK
DEXQGDQW DTXDWLF DQG VHPLDTXDWLF YHJHWDWLRQ
6DWHOOLWH PDOHV ZHUH FRQVLGHUHG WR EH WKH
QRQWHUULWRULDO PDOHV WKDW UHPDLQHG QHDU EXW
RXWVLGH WKH DTXDWLF WHUULWRULDO DUHD RQ WKH VLGH
WUDYHUVHGE\LQFRPLQJPDWXUHIHPDOHV
7KH VWXG\ ZDV GHVLJQHG WR GHPRQVWUDWH WKUHH
SUHHVWDEOLVKHG SUHGLFWLRQV GHVFULEHG DERYH 7R
YHULI\ WKH ILUVW RQH PDOH FRPSHWLWLRQ IRU PDUJLQ
WHUULWRU\ WKH RFFXSDWLRQ GHQVLWLHV RI PDOHV LQ
WHUULWRULHV VLWXDWHG DW WKH PDUJLQ DQG LQ WKH
FHQWUDO DUHDV RI WKH ULYHU DQG WKHLU YDULDWLRQ RYHU
WKH FRXUVH RI WKH GD\ ZDV FRPSDUHG 7KH WLPHV
ZKHQ WHUULWRULHV ZHUH RFFXSLHG DQG DEDQGRQHG
ZHUHDOVRUHFRUGHG
7R GHPRQVWUDWH WKH VHFRQG SUHGLFWLRQ UHODWHG WR
WKH UHSURGXFWLYH DGYDQWDJHV DVVRFLDWHG WR PDOHV
ZKR VXFFHHG LQ GHIHQGLQJ WHUULWRULHV DW WKH
PDUJLQ LQGLYLGXDO UHSURGXFWLYH VXFFHVV ,56
ZDV REVHUYHG IRU HDFK RI WKH WKUHH WDFWLFV DGRSWHG
E\WKHPDOHV
,56   >QXPEHU RI SRVWFRSXODWRU\ RYLSRVLWLRQV [
IHUWLOL]DWLRQ UDWHV   QXPEHU RI FRSXODWLRQV
ZLWKRXW LPPHGLDWH RYLSRVLWLRQ [ IHUWLOL]DWLRQ UDWH
  QXPEHU RI RYLSRVLWLRQV DIWHU VHFRQG





:H HVWLPDWH WKDW VLQJOH FRSXODWLRQV IROORZHG E\
LPPHGLDWH RYLSRVLWLRQ IHUWLOL]H DOO WKH HJJV 
IHUWLOL]DWLRQ UDWH DQG WKDW ODWHU FRSXODWLRQV
IROORZHG E\ RYLSRVLWLRQ IHUWLOL]H  RI WKH HJJV
7KH UHPDLQLQJ  RI WKH HJJV DUH OLNHO\ IHUWLOL]HG
E\ PDOHV UHVSRQVLEOH IRU HDUOLHU FRSXODWLRQV
7KHVH SHUFHQWDJHV DUH EDVHG RQ WKH GDWD RI
SUHYLRXV VWXGLHV GHDOLQJ ZLWK OLEHOOXOLGV &RUEHW
 0F9H\ DQG 6PLWWOH  6LYD-RWK\ DQG
7VXEDNL  &yUGRED$JXLODU HW DO 
7KHVH YDOXHV GHPRQVWUDWH WKH LPSRUWDQFH RI
VSHUPSUHFHGHQFHDPRQJOLEHOOXOLGV
,Q WKH WKLUG SUHGLFWLRQ ZKHQ IHPDOHV PDWLQJ ZLWK
VDWHOOLWH PDOHV DFFHSW PRUH UHDGLO\ D VHFRQG
FRSXODWLRQ ZLWK DQRWKHU PDOH EXW GR QRW
VXEVHTXHQWO\ FRSXODWH ZLWK WHUULWRULDO PDOHV WKH
SHUFHQWDJH RI VHFRQG DQG WKLUG FRSXODWLRQV RI WKH
IHPDOHV ZHUH FRPSDUHG DFFRUGLQJ WR HDFK RI WKH
WDFWLFV DGRSWHG E\ WKH PDOHV UHVSRQVLEOH IRU WKH
ILUVWFRSXODWLRQ
3ULRU WR DQDO\]LQJ WKH UHSURGXFWLYH GDWD WKH VHYHQ
FRQWLQXRXV ULYHU VHFWLRQV LQWR ZKLFK WKH VWXG\





GRQH WR GHWHUPLQH LI WKHUH ZHUH HQYLURQPHQWDO
GLIIHUHQFHV DPRQJ WKHP WKDW FRXOG SURGXFH
GLIIHUHQW RFFXSDWLRQ UHVSRQVHV LQ WKH WHUULWRULDO
PDOHV $VSHFWV VXFK DV WKH FRPSRVLWLRQ DQG
UHODWLYH DEXQGDQFH RI DTXDWLF PDFURSK\WHV
HVWLPDWHG LQ  ODPLQD FRYHU LQ  YLVLELOLW\
OHYHO DW WKH PDUJLQ LQ  GHSWK P DQG
VXEVXUIDFH FXUUHQW YHORFLW\ P IURP WKH
ULYHUEDQN DQG DW PLGULYHU PV ZHUH DQDO\]HG
IRUHDFKVHFWLRQDWGLIIHUHQWWLPHV
7KH GHJUHH RI PDOH RFFXSDWLRQ RI WKH PDUJLQDO
DQG FHQWUDO DUHDV RI WKH ULYHU ZDV FRPSDUHG
WKURXJK 6WXGHQW¶V W7HVW IRU LQGHSHQGHQW
YDULDEOHV DQG ELODWHUDO YHULILFDWLRQ 7KH
UHSURGXFWLYH VXFFHVV RI HDFK RI WKH PDOH WDFWLFV





7KH VHFWLRQV RI ERWK WKH PDUJLQDO $129$
)  GI  S! DQG FHQWUDO DUHDV ) 
GI  S! RI WKH VWXGLHG ULYHU VHFWLRQ ZHUH
FRPSDUHG ILUVW 1R VLJQLILFDQW GLIIHUHQFHV ZHUH
IRXQG DPRQJ WKHLU FRPSRQHQWV )LJXUH  ZKLFK
DJUHHV ZLWK WKH KRPRJHQHLW\ HQFRXQWHUHG IRU WKH
HQYLURQPHQWDO SDUDPHWHUV DQDO\]HG 7KLV DOORZHG
WKH WUHDWPHQW RI WKH PDUJLQ DQG WKH PLGULYHU DV
WZR LQWULQVLFDOO\ KRPRJHQHRXV DUHDV 7KH GHJUHH
RI RFFXSDWLRQ RI WKH PDUJLQDO DQG FHQWUDO DUHDV
ZDV FRPSDUHG DQG D VLJQLILFDQW SUHIHUHQFH IRU WKH
IRUPHU ZDV REVHUYHG LQ DOO WKH VHFWLRQV VWXGLHG
W   GI  S )LJXUH  WKXV
FRQILUPLQJWKHILUVWK\SRWKHVLV
,Q WKH YDULDWLRQ DQDO\VLV RI PHDQ PDOH GHQVLW\ LQ
WKH PDUJLQDO DQG FHQWUDO WHUULWRULHV DFFRUGLQJ WR
WKH WLPH RI GD\ RI RFFXSDWLRQ WKH GLIIHUHQFH
EHWZHHQ WKH WZR JURXSV ZDV YHULILHG 7KH IDFW WKDW
PDUJLQDO DUHD RFFXSDWLRQ RFFXUUHG HDUOLHU WKDQ LW
GLG LQ WKH FHQWUDO DUHDV LQGLFDWHV WKDW WKH ILUVW
PDOHV WR DUULYH WKHUH WU\ WR RFFXS\ WKHVH
WHUULWRULHV )LJ  ,Q DFFRUGDQFH ZLWK WKH VHFRQG
SUHGLFWLRQ PDOH VH[XDO DFWLYLW\ LQ PDUJLQDO
WHUULWRULHV LV PXFK PRUH SUHYDOHQW WKDQ WKDW RI
PDOHV ZKR DGRSW RWKHU WDFWLFV 6LJQLILFDQWO\
KLJKHU YDOXHV IRU WKH WRWDO QXPEHU RI FRSXODWLRQV
Ƶ    GI    S )LJXUH D DQG IRU
RYLSRVLWLRQV Ƶ    GI    S )LJXUH
E ZHUH UHFRUGHG :KHQ FRPSDUHG WR WHUULWRULDO
PDOHV LQ WKH FHQWUDO DUHD DQG VDWHOOLWHV VLJQLILFDQW
GLIIHUHQFHV ZHUH IRXQG LQ WKH QXPEHU RI
RYLSRVLWLRQV Ƶ    GI    S    EXW
QRW LQ WKH QXPEHU RI FRSXODWLRQV Ƶ    GI  
 S    7KH GHQVLW\ RI WHUULWRULDO PDOHV DW
PLGULYHU GRHV QRW UHDFK KLJK OHYHOV 
PDOHVOLQHDU P PHDQ  6' ZKLFK OHDGV WR








7KH QXPEHU RI VXFFHVVIXO FRSXODWLRQV E\ VDWHOOLWH
PDOHV HVSHFLDOO\ LQ WLPHV RI KLJK GHQVLW\
VXUSDVVHG WKDW RI WHUULWRULDO PDOHV DW PLGULYHU
+RZHYHU WKLV DSSDUHQW DGYDQWDJH ZDV GLVSHOOHG
ZKHQ WKH RYLSRVLWLRQ UDWH RI UHFHQWO\ IHUWLOL]HG
IHPDOHV ZDV GHWHUPLQHG ZKLFK LV PRUH FORVHO\
UHODWHG WR WKH UHSURGXFWLYH VXFFHVV DVVRFLDWHG
ZLWK HDFK RI WKH WDFWLFV DGRSWHG E\ WKH PDOHV
2QO\ WZR EULHI RYLSRVLWLRQV ZHUH REVHUYHG DIWHU
FRSXODWLRQ ZLWK VDWHOOLWH PDOHV ZKLFK UHSUHVHQWV
 RI WKH FRSXODWLRQV ZKLOH D PXFK KLJKHU
RYLSRVLWLRQ UDWH ZDV IRXQG IRU FRSXODWLRQV ZLWK
WHUULWRULDO PDOHV ERWK DW WKH PDUJLQ  DQG
DW PLGULYHU  )LJXUH  %DVHG RQ WKHVH
UHVXOWV WKH LQGLYLGXDO UHSURGXFWLYH VXFFHVV ,56
DVVRFLDWHG ZLWK HDFK RI WKH WKUHH WDFWLFV DGRSWHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH E\ WKH PDOHV LQ WKH VWXG\ DUHD ZDV HVWLPDWHG
7DEOH
7KH UHVXOWV RI IHPDOH UHFHSWLYLW\ WR D VHFRQG
FRSXODWLRQ VXSSRUW WKH WKLUG K\SRWKHVLV 7KXV WKH
PDMRULW\ RI FRSXODWLRQV ZLWK VDWHOOLWH PDOHV ZHUH
IROORZHG E\ VHFRQG FRSXODWLRQV RU FRSXODWLRQ
DWWHPSWV RI WKH IHPDOH E\ RWKHU PDOHV  RU
E\ VSRQWDQHRXV IOLJKW IURP WKH DUHD ZKHQ WKH
IHPDOH ZDV UHOHDVHG E\ WKH VDWHOOLWH PDOH 
DIWHU FRSXODWLRQ ERWK VLWXDWLRQV OHG WR IDLOHG
RYLSRVLWLRQ )HPDOHV WKDW FRSXODWHG ZLWK
WHUULWRULDO PDOHV DW WKH PDUJLQ RU DW PLGULYHU
RQO\ FRSXODWHG D VHFRQG WLPH RU VXIIHUHG
FRSXODWLRQ DWWHPSWV LQ  DQG  RI WKH
FDVHVUHVSHFWLYHO\
,W LV ZRUWK SRLQWLQJ RXW WKH GLIIHUHQW DWWLWXGH RI
IHPDOHV DIWHU FRSXODWLQJ ZLWK D VDWHOOLWH PDOH RU D
WHUULWRULDO PDOH ,Q WKH ILUVW FDVH WKH\ ZHUH SRRUO\
JXDUGHG E\ WKH VDWHOOLWH PDOHV ZKR DEDQGRQHG
WKHP DV VRRQ DV WKH\ HQFRXQWHUHG WHUULWRULDO
PDOHV DW WKH ULYHU PDUJLQ LQ RUGHU WR DYRLG EHLQJ
DWWDFNHG E\ WKHVH XVXDOO\ VWURQJHU DQG PRUH
DJJUHVVLYH PDOHV 7KH IHPDOHV DSSHDUHG WR DOORZ D
VHFRQG FRSXODWLRQ LQ WKH DUHDV GHIHQGHG E\
WHUULWRULDO PDOHV DW WKH ULYHU PDUJLQ &RQWUDULO\
IHPDOHV WKDW LQLWLDOO\ FRSXODWHG ZLWK WHUULWRULDO
PDOHV KDG VHFRQG FRSXODWLRQV DW D PXFK UHGXFHG
UDWH  HVSHFLDOO\ LQ ORZ PDOH GHQVLW\ DUHDV
7KHLU DWWLWXGH PDUNHG E\ IOHHLQJ DQG KLGLQJ LQ
YHJHWDWLRQ LQ DQ DWWHPSW WR DYRLG IXUWKHU
FRSXODWLRQV UHYHDOHG DQ REYLRXV UHVLVWDQFH WR
QHZHQFRXQWHUV
Discussion
7KH DGDSWDELOLW\ RI D GHWHUPLQDWH EHKDYLRU FDQ EH
DQDO\]HG E\ FRPSDULQJ HVWLPDWHV RI WKH
UHSURGXFWLYH VXFFHVV RI WKH GLIIHUHQW VWUDWHJLHV
DGRSWHG ,Q PDOH GUDJRQIOLHV WKLV VXFFHVV LV
XVXDOO\ PHDVXUHG GLUHFWO\ DFFRUGLQJ WR WKH RUGHU
RI FRSXODWLRQ VSHUP SUHFHGHQFH WKH QXPEHU RI
FRSXODWLRQV DQG WKH QXPEHU RI HJJV GHSRVLWHG
LPPHGLDWHO\ DIWHU FRSXODWLRQ RU LQGLUHFWO\ E\ WKH
GXUDWLRQ RI FRSXODWLRQ ZKLOH IRU WKH IHPDOHV WKH
JHQHWLF TXDOLW\ RI WKH PDOH DQG WKH HJJSURGXFLQJ
FDSDFLW\ RI WKH IHPDOH KHUVHOI LV ZKDW PDWWHUV
PRVW&RUEHW
7KH DGDSWDWLYH YDOXH RI WKH DSSDUHQW SDVVLYLW\ LQ
WKH VH[XDO VHOHFWLRQ RI WKH IHPDOH Diastatops
obscura PXVW EH XQGHUVWRRG LQ UHODWLRQ WR WKH
UHSURGXFWLYH VWUDWHJLHV DGRSWHG E\ PDOHV 2I
VSHFLDO LPSRUWDQFH DUH WKH GHQVLW\ RI WHUULWRULDO
PDOHV DQG WKH SURSRUWLRQ RI VDWHOOLWH PDOHV QHDU
WKH UHSURGXFWLYH DUHDV 7KXV LQ ORZ PDOH
GHQVLWLHV ZLWK IHZ RU QR VDWHOOLWHV IHPDOHV VKRZ
OLWWOH UHVLVWDQFH WR WKH ILUVW FRSXODWLRQ FOHDUO\
DYRLGLQJ VXEVHTXHQW PDWLQJ ,UXVWD DQG $UD~MR
 +RZHYHU KLJK PDOH GHQVLWLHV DW WKH
UHQGH]YRXV IDYRU DQ LQFUHDVHG QXPEHU RI
VDWHOOLWHV DV GHVFULEHG IRU Libellula
quadrimaculata &RQYH\  WKDW PDQDJH WR
FRSXODWH ZLWK D VLJQLILFDQW SURSRUWLRQ RI WKH
IHPDOHV LQ WKH UHSURGXFWLYH DUHD ,Q WKHVH FDVHV
IHPDOH SDVVLYH FKRLFH WDFWLFV ZKLFK LQYROYHV
PDWLQJ ZLWK WKH ILUVW PDOH HQFRXQWHUHG GRHV QRW
DSSHDU DGYDQWDJHRXV VLQFH VKH PD\ QRW EH
FDSWXUHGE\DWHUULWRULDOPDOH
7KH FRSXODWLRQV ZLWK VDWHOOLWH PDOHV DUH
FRPSOHWHG DZD\ IURP WKH RYLSRVLWLRQ VLWHV WKXV
DYRLGLQJ LQWHUDFWLRQV ZLWK WHUULWRULDO PDOHV ZKLFK
VHHP WR LQGLFDWH WKH LQIHULRU FRQGLWLRQ RI WKH PDOH
&RQYH\  0F9H\  7KLV FDXVHV WKH
IHPDOH WR FKDQJH KHU XVXDO EHKDYLRU LPPHGLDWH
QRQFRQWDFWJXDUGLQJ RYLSRVLWLRQ LQ ZKLFK VKH
HVFDSHV DQGRU VHHNV D VHFRQG FRSXODWLRQ LQ DQ
DUHD GHIHQGHG E\ WHUULWRULDO PDOHV 7KLV EHKDYLRU
ZDV VXJJHVWHG IRU RWKHU IHPDOH OLEHOXOOLGV VXFK DV
Leucorrhinia intacta :ROI HW DO 
Pachydiplax longipennis 6KHUPDQ 
Libellula luctuosa 0RRUH  DQG Plathehis
lydia .RHQLJ  7KXV QRW RQO\ GR PDOH
OLEHOOXOLGV H[KLELW D SUHYLRXVO\ NQRZQ IOH[LELOLW\ LQ
UHSURGXFWLYH VWUDWHJLHV WKDW YDU\ DFFRUGLQJ WR
HQYLURQPHQWDO DQG SRSXODWLRQ FRQGLWLRQV EXW WKH
IHPDOHV DOVR PRGLI\ WKHLU PDWH VHOHFWLRQ VWUDWHJ\
DFFRUGLQJWRWKHGHQVLW\DQGVWDWXVRIWKHPDOHV
7HUULWRULDO PDOHV RI FHQWUDO ULYHU DUHDV PDLQWDLQHG
D PHDQ ,56 UDWH VLPLODU WR WKDW RI WHUULWRULDO PDOHV
DW WKH ULYHU PDUJLQ GHVSLWH WKH OLPLWHG QXPEHU RI
IHPDOHV WKDW UHDFK WKHVH DUHDV 7DEOH  7KLV FDQ
EH H[SODLQHG E\ WKH ORZHU PDOH GHQVLW\ DW WKHVH
VLWHV IDYRULQJ D KLJK SHUFHQWDJH RI SRVWFRSXODWRU\
RYLSRVLWLRQV LQ WKHVH WHUULWRULHV +LJKHU GHQVLWLHV
ZRXOG GHFUHDVH WKLV LQGH[ UDSLGO\ UHPRYLQJ
DGDSWDWLYLW\IURPWKLVWDFWLF
6DWHOOLWH PDOHV H[KLELWHG D YHU\ ORZ UHSURGXFWLYH
VXFFHVV UDWH GHVSLWH WKH UHDVRQDEOH QXPEHU RI
FRSXODWLRQV VLQFH WKH IHPDOHV XVXDOO\ HVFDSHG RU
VRXJKW VXEVHTXHQW PDWLQJ VLJQLILFDQWO\ OLPLWLQJ
WKH VDWHOOLWH PDOHV¶ HJJ IHUWLOL]DWLRQ UDWH
)XUWKHUPRUH WKH IHZ IHPDOHV JXDUGHG E\ VDWHOOLWH
PDOHV WKDW PDQDJHG RYLSRVLWLRQ DFKLHYHG LW RQO\
IRU D IHZ VHFRQGV VLQFH WKH\ ZHUH TXLFNO\
DSSURDFKHG E\ RWKHU PDOHV ZKR HDVLO\ GRPLQDWHG
WKH ZHDN PDWLQJ JXDUG RI WKH VDWHOOLWHV 7KLV
IXUWKHU PLQLPL]HG WKH UHSURGXFWLYH VXFFHVV RI WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VDWHOOLWH PDOHV JLYHQ WKDW WKH GXUDWLRQ RI IHPDOH
RYLSRVLWLRQ LV D SDUDPHWHU GLUHFWO\ OLQNHG WR WKH
UHSURGXFWLYH VXFFHVV RI WKH PDOHV WKDW IHUWLOL]H
WKHP&RUEHW 6KHUPDQ
6SHUP FRPSHWLWLRQ LQ 2GRQDWD FDXVHG E\
IXQFWLRQDO DQG PRUSKRORJLF PRGLILFDWLRQV RI WKH
DHGHDJXV HQVXUHV D KLJK IHUWLOLW\ UDWH LQ
UHFRSXODWLRQV IROORZHG E\ RYLSRVLWLRQ DURXQG
 LQ WKH OLEHOOXOLGV VWXGLHG VHH 0F9H\ DQG
6PLWWOH  0LFKHOV  6LYD-RWK\ DQG
7VXEDNL  ,W LV OLNHO\ WKDW IRU D. obscura, WKH
VSHUP SUHFHGHQFH YDOXHV DUH VLPLODU WR WKRVH
LQGLFDWHG IRU RWKHU VSHFLHV RI WKH IDPLO\ VLQFH
WKHLU DHGHDJXV KDV D IRXUWK VHJPHQW ZLWK ZLGH
IODW VSLQ\ OREHV RQ WKH LQQHU VXUIDFH 3XMRO/X]
3XMRO/X] -5 'HSDUWPHQW RI =RRORJ\ ,QVWLWXWH RI
%LRORJLFDO 6FLHQFHV 8QLYHUVLW\ RI %UDVLOLD
,QVWLWXWR GH &LrQFLDV %LROyJLFDV $VD 1RUWH
  %UDVLOLD ') %UD]LO SHUVRQDO
FRPPXQLFDWLRQ ZKLFK LV DSSDUHQWO\ DGDSWHG IRU
VSHUP UHPRYDO 6SHUP SUHFHGHQFH VHHPV
FRUUHODWHG ZLWK WKH LQDELOLW\ RI PDOHV WR
GLIIHUHQWLDWH EHWZHHQ IHPDOH YLUJLQV DQG
QRQYLUJLQV VHH 8KtD DQG &RUGHUR 5LYHUD 
IRU GDPVHOIOLHV 7KLV LV QRW FRQGXFLYH WR PDOH
VDWHOOLWH VXFFHVV DQG IXUWKHU MXVWLILHV WKH IHPDOH
VWUDWHJ\ RI DOORZLQJ FRSXODWLRQ ZLWK DQRWKHU
KLJKHUVWDWXV PDWH ZKHQ WKH LQLWLDO PDWLQJ ZDV
ZLWKDVDWHOOLWHPDOH
7KH GLIIHUHQFHV HQFRXQWHUHG LQ HVWLPDWLQJ
UHSURGXFWLYH VXFFHVV DVVRFLDWHG ZLWK PDOH
VWUDWHJLHV H[SODLQ WKH IHPDOH UHDFWLRQ ZKHQ
FDSWXUHG E\ D VDWHOOLWH PDOH ZKHUH VKH DEDQGRQV
KHU SDVVLYH DWWLWXGH LQ RUGHU WR VHDUFK IRU DQRWKHU
FRSXODWLRQ LQ DUHDV XVXDOO\ GHIHQGHG E\ WHUULWRULDO
PDOHV 7KLV EHKDYLRUDO FKDQJH GHILQLWLYHO\
VXSSRUWV WKH K\SRWKHVLV RI IHPDOH VHOHFWLRQ
GHPRQVWUDWLQJ WKDW IHPDOHV GR LQ IDFW SDUWLFLSDWH
LQ VH[XDO VHOHFWLRQ E\ VHHNLQJ D TXDOLW\ PDOH WR
IHUWLOL]H WKHLU HJJV 7KLV LV GRQH LQ DQ LQGLUHFW DQG
QRUPDOO\ SDVVLYH PDQQHU DQG IDYRUV PDOHV
YLFWRULRXV LQ WHUULWRULDO FRPSHWLWLRQ LQ
UHSURGXFWLYHDUHDV
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